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Requirements prioritization (RP) is a critical practice of the software engineering process, 
in which customer’s requirements are developed in sequence for software release planning 
purposes. Typically, requirements prioritization is carried out from one of three aspects, 
namely, technical, business or client, without quantifying them holistically. This often 
results in inconsistencies between the software deliverables and product release planning.  
A new competition-based method for requirements periodization practice has been 
developed to address this issue during the requirement engineering process phase for 
commercial system development in the Oil & Gas industry. An observation study was 
conducted using the grounded theory as a research method in observing and exploring 
aspects of the practice. The proposed framework showed a significant impact in controlling 
the consistency issue and promises to benefit companies and organizations involved with 
software development.  
In this research work, highly considered requirements prioritization concerns were 
identified in the following order; 1) Review the literature and de-facto software 






properties to classify pairs of properties that can contribute to the competition-based 
matrix, 3) Conduct an empirical study to observe the requirements prioritization practices 
for three software development companies using the grounded theory approach, 4) 
Evaluate the quality attributes of the proposed framework among other requirements 
prioritization techniques including (concept, ease of use, and size of data, fuzziness, multi-





















   ملخص الرسالة
 
 خالد سعد علي الوهابي االسم الكامل:
 
 قاعدة تحديد المقارنات وتبيين المفارقات.  باستخدامترتيب أولويات تنفيذ متطلبات البرامج الحاسوبية  :عنوان الرسالة
 
 هندسة البرمجيات التخصص:
 
 8143 رمضان تاريخ الدرجة العلمية:
 
 
التي  البرمجية متطلباتالممارسووة مةمة  ي عملية هندسووة  البرامج الحاسوووبية متطلباتتنفيذ أولويات  لية تحديدتعد عم
 . يمجمالئم لخطة تطوير المشروع البرتخطيط  تحقيق يتم  يةا تطوير متطلبات العميل بالتتابع لغرض
لجانب التقني والجانب التجاري ختلفة، أي ا، يتم تحديد أولويات المتطلبات من جانب واحد من ثالثة جوانب معادة  
 التوا قمن جميع الجوانب، مما يؤدي إلى مشووكلة عدم شوومولي تحديدها بشووكل األّخذ  ي االعتبار جانب العميل دون و
 ما تم تطويره  علياً وماهي عليه عمل خطة التطوير.بين 
جديد  ي هندسوووة البرمجيات يتمييل البرمجياتي  مفةوم بدراسوووة جوانب المشوووكلة واقترا هذا البحث وبالتالي قمنا  ي 
ملايا مختارة قائمة على  قاعدة تحديد المقارنات وتبيين المفارقات والتي تتم عبر تنفيذ اختبارات تنا سووووووية باسووووووتخدام
 .البرمجياتخالل مرحلة عملية الةندسة  مةمأجراء والذي يعتبر  جذري للبرمجياتبشكل  لتمييل
 ي صوناعة النفط والغا . معلوماتي معقد يسوتخدم تطوير نظام  ةذا المفةوم  يدراسوة والتجربة ل ي هذا البحث تمت ال 
 بوالتدوين والمعروف رصوود الوقد أجرينا دراسووة بحةية تجريبية  ي الموقع باسووتخدام البحون النظرية المسووتندة إلى 
grounded theory)(  والتحقق بمالئمة  ي يجب معالجتةا.مكامن التحديات والخلل التاسووووووتكشوووووواف والذي مكننا من
االختبارات التنا سووية والعالقة المتبادلة بين الخصووائص المراد تميل البرمجيات بناء عليةا والتي تسووةم  ي األخير  ي 
 تسةيل عملية تحديد األولويات ا عند جدولة خطط تنفيذ المتطلبات البرمجية وطرحةا للمستخدم النةائي.
 التوا قية ي التحكم  ي مسوو لة  قابل لالسووتخدام بسووةولة واألثر الكبيرنموذج المقتر  لية هكذا البحث مةانتائج  تظةرأ
خدمة  ي اعد وهذا المفةوم جديد   ي مجال هندسووووووة البرمجيات   علياً. يعدبين ما يتم التخطيط لتطويره وما تم تطويره 










The complexity of software systems has increased exponentially and the implementation 
of new requirements has taken a form of incremental development process. Requirements 
prioritization practice (RP) is performed by selecting and ranking the requirements 
according to their importance and planning their implementation in successive releases 
based on their priority. In recent research studies [9, 11, 16], requirements prioritization 
practice has become a complex decision-making process that has gained a lot of interest 
with researchers seeking to satisfy the demands of stakeholders.  
Prioritizing requirements is a key practice of requirements selection during the decision-
making process that focuses on the deliverables, which ultimately adds value to the product 
when considering time, cost, and other constraints. The prioritization process can 









It is therefore necessary, before we find the phase of performing requirements prioritization 
practice, we need to first understand the requirements engineering (RE) process to see 
where it fits and how RP practice can be utilized during the release planning process.  
The main part in the RE process is the software requirements (features) which is a 
description of software functionalities. The requirements can be obvious or hidden, known 
or unknown, expected, or unexpected from the client’s point of view [2].  
Thus, the process that is necessary to gather the software requirements from the client, 
analyze and document these requirements is known as the requirements engineering 
process. 
The RE process takes place at the beginning of every software development project, and 
produces a result in the form of specifications that define the product to be developed. This 
approach is based on the Waterfall model [50] where requirement engineering is followed 
by design, implementation, and testing maintenance activities. However, this cascading 
process may not be the most proper in practice, since the flexible nature of software 
requires the development process to be more iterative and evolutionary. New or changed 
requirements appearing during development calls for continuous RE efforts. The goal of 
requirements engineering is to develop the descriptive ‘System Requirements 
Specification’ document. The requirements must be found and agreed to by customers, 
users, and suppliers before the software can be built. 
The four main steps in the process, as defined by Sommerville [2], for requirements 
engineering includes: 
- Feasibility study: the goal of this step is to analyze whether the software product 





constraints. It also explores technical aspects of the project and product such as 
usability, maintainability, productivity, and integration ability. The outcome of this 
step is a report that holds enough information and recommendations for 
management to determine whether the project should be carried out or not. 
- Requirements gathering: is the step to collect user requirements and communicate 
with the client or end-users to understand what the software should offer and which 
features they want the software to include. 
- Software requirements specification: the systems analyst creates a document from 
the requirements collected from the various stakeholders. This document defines 
how the intended software will interact with hardware, external interfaces, speed of 
operation, response time of system, portability of software across various 
platforms, maintainability, speed of recovery after crashing, security, quality, 
limitations etc. 
- Software requirements validation: is the last step of the RE process which validates 
the analyzed requirements in terms of its functionality, domain of software, 
ambiguities, and completeness. 
With the completion of all the above RE process steps, the technical implementation starts 
with a plan, usually called development plan. In fact, this plan should be aligned with the 
actual software release plan or commercialization plan. 
Software release planning is a process of selecting a set of software requirements (features) 
to deliver in a release within a given period. The purpose of release planning is to balance 
between competing stakeholders’ demands and benefits under technical and non-technical 








defects in the previous release, market factors, new customer demands and other technical 
and non-technical requirements. 
Requirements prioritization practice is considered as the main complementary part of the 
release planning process. It concerns about the assignment of requirements in a sequence 
of releases to help improve a software product in terms of different attributes by adding 
new features or improving some quality aspects within predefined technological 
constraints [8] 
1.1 Research Problem Overview 
Several requirements prioritization approaches have been proposed that are designed to 
work on different measurement scales, attributes, levels of complexity, and vary in their 
abstraction levels form high to low level of details [24]. Most proposed RP practices have 
been evaluated in terms of their ease of use and performance, as well as toleration of faults 
[24]. However, the basic issue that has not gained a solid resolution is the inconsistency 
between the software deliverables and product release planning, which defines the 
reliability attribute that software deliverables should be aligned with the release plan as 
well as other attributes such as comprehensiveness, simplicity, practicality and the ease of 
use.  
Figure 1-2: shows the various components in the software release planning framework that 
help us to figure out the relative percentage influence of each component. Release planning 
is a framework of several components that directs or streamlines the RP process.  
There are three main attributes: release objective, resources allocation and requirement 





plan deliverables based on targeted objectives, for example fix software bugs that appear 
in the latest software release or that will benefit the market volume, where if it is based on 
the available resources, skill set or budget, will need to be allocated. On other hand 
considering the requirements prioritization will have the focus on the characteristics of the 
feature’s added value, complexity, stakeholders, and cost. 
 
Figure 1-1: Size of the release planning components 
Software development vendors try to improve their software products by understanding the 
new requirements and then implementing them in a well-defined order for future software 
releases. Prioritizing and supporting a large set of requirements is a challenging decision-
making process where many factors need to define such as the requirement purpose, 








There is a growing acknowledgment in industrial software development that requirements 
are of varying importance. Yet there has been little progress to date, either theoretical or 
practical, on the mechanisms for prioritizing software requirements [2]. 
Building a comprehensive, practical, easy to use RP method is the research goal that 
discussed how to apply the best research method that can guide us to identify accurately 
the concepts and components of the problem solution. 
Therefore, the concern is how to develop an efficient requirements prioritization practice 
that produces a list of prioritized requirements aligned with the release planning process. 
This can be achieved when a comprehensive approach is performed to explore the 
characteristics of each requirements feature, which is the missing key aspect in all the 
reviewed literature and surveyed industrial RP practices. 
1.2 Research Motivation 
The issue of inconsistency between software deliverables and product release planning is 
considered as one of the most substantial problems in software development. A review of 
some studies shows that there is no widespread practice for RP [28]. Also, there is no 
standard practice that has gained enough acceptances among software development 
companies. In fact, the inconsistency issue in release planning explored in the research 
studies stated that issue is the only outstanding challenge of release planning that has not 
been thoroughly addressed. Thus, building a standard process to address that challenge 
involves a lot of process to be considered in organizational practices, processes, and people. 
the problem also has been acknowledged in the literature as one of the major causes of 





Therefore, the problem is not with the release planning itself, but with limited aspects 
during the prioritization practice for handling it. In fact, it is well acknowledged in 
literature that there is an increasing need for a well-established a multi-criteria decision 
making process for prioritizing the requirements [5] [10] [13] as well as a methodological 
approach for quantifying evolvable software requirements [17]. Establishing a 
comprehensive RP practice for handling several aspects help supporting the software 
requirements development plan consistency and increases the likelihood of project success.  
1.3 Research Method 
In this research work, we follow the design science paradigm [34] that defines an applied 
research workflow as guidelines.  
We illustrate how authors, reviewers, and editors can apply those guidelines as a model to 
formulate a way of conducting, evaluating, and presenting the new developed software 
improvement process.  
The following are the research design guidelines presented in [34]: 
Guideline 1: Design as an Artifact: the research design must be conducted in the form of a 
model or method. 
Guideline 2: Outstanding issue: the research should have an objective to address important 
problems. 









Guideline 4: Research rigor: show the research model applies the right methods in 
construction and evaluation of the design artifact.   
Guideline 5: Design as a search process: well-defined search for an effective artifact 
requires utilizing available means to reach desired ends while satisfying laws in the 
problem domain [34].  
Guideline 6: Communication of research: the research should be presented for 
technology/management-oriented audiences 
Therefore, the research work will be aligned to the following guidelines: 
1- Design as an artifact: the main artifact of our research work is the competition-
based characterization method that guarantees an optimal and practical software 
requirement prioritization practice. This competition-based characterization 
method is typically applied in the medical treatment field where medical personnel 
prioritize patients based on disease criticality vs treatment. This method helps 
quantify requirements using several measurement criteria found for a software 
development plan and serves as a core component within release planning 
framework. A grounded theory approach [16] will be used as a research method. 
2- Outstanding issue: Our research problem is highly relevant to the field of software 
requirements engineering and specifically release planning. Requirement 
prioritization practice is critical and serves as the main component towards the 
success of the release planning process [6, 8, 10, and 24]. Furthermore, 
requirements prioritization should be calculated iteratively in a comprehensive 





selection/prioritization. It has been highlighted as challenge [24] to solve two 
conflicting prioritization criteria. In this paper, we focus on addressing this issue as 
a part within the proposed framework in the context of a real software industry 
issue. 
3- Design evaluation: The proposed framework is evaluated in two different scenarios 
using a real dataset to prove the concept, and a real dataset to simulate a real release 
planning scenario to confirm the validity  
4- Research rigor: In this research work, we present a competition-based 
characterization method that uses a strategic quadrants grid as a model of 
classification and scoring for each software requirement feature. The workflow of 
which is tested against two interrelated release planning objectives, where each grid 
cell is ranked according to the importance of each intersection. Then, accumulated 
ranks are calculated for each software feature before sorting them to find the highest 
number with the highest priority. Another part of the research evaluation model is 
performed to test the consistency, scalability, error proneness, computational 
complexity, reliability, and comprehensiveness for the subjective prioritized 
requirements verses our proposed approach result. 
5- Design as a search process: The search process of the design presented in this 
research work is an iterative search for recent research advancements in the field of 
software requirements prioritization. Two main components were developed within 
this proposed approach for requirements classification and prioritization. This 








were empirically evaluated for optimal construction purposes and internal/external 
impact and applicability purposes. 
6- Communication of research: The main audience of this research work will be 
software project managers who oversee a release planning process.  
7- Communication of research: The main audience of this research work will be for 
software project manager who oversee release planning process.  
1.4 Research Contributions 
This research work has the following contributions:  
1. Conducted an empirical study to observe the requirements prioritization practice using 
the grounded theory as a method to study and report the findings of requirements 
prioritization concerns and issues. 
2. Proposed a Requirement characterization framework for requirement prioritization 
practice which uses a competition-based technique applied in the medical field to 
prioritize patients for urgency of treatment. 
3. Investigated and analyzed the impact of the identified RP parameters towards the 
success of release planning.  
4. Explored the relationship factors between interrelated RP parameters. 
5. Evaluated the applicability of the proposed framework using small and real datasets. 
6. Developed a software tool to automate the workflow of this proposed model and 
calculate the prioritized requirements list. 
7. Conducted a comparative analysis of the proposed framework with other commonly 





• Concept: Indicates how a method applies the processes, following systematic and 
analytical approaches, rules, and recommendations employed by the 
prioritization method. 
• Ease of Use: Indicates a characteristic of how a new user can easily use and apply 
the prioritization method. 
• Size of data (Scalability): Measures the amount of requirement sets 
accommodated by the prioritization method to minimize human effort. 
• Fuzziness: Measure the uncertainty of human thought related with the 
implementation of the prioritization method. 
• Multi-criteria: Refers to the multiple factors considered during the prioritization 
method practice. 
• Stakeholders-involvement: Refers to the multiple stakeholders involved with the 
application. 
• Complexity: Measures the number of comparisons required to execute the 
prioritization method. 
8. Prepared three papers titled as below for journal/conference publication. 
• Competition-Based Requirements Characterization Method for A Comprehensive 
Software Requirement Prioritization Practice;  
Khalid S. ALWAHABI, Dr. Mahmood K. Niazi 
 
• Requirements Prioritization Overview in Market-driven Software Development – 
A Grounded Theory Study 
Khalid S. ALWAHABI, Dr. Mahmood K. Niazi 
 
• Evaluating the practical use of requirements characterization framework for 
requirements prioritization practice: A CASE STUDY;  









1.5 Thesis Structure 
The thesis documentation is organized as follows:  
- Chapter 1: introduces the research topic. It covers the background, challenges, 
description of the research problem and study design method, and a list the research 
contributions.  
- Chapter 2: explores the literature reviewed regarding requirements prioritization 
methods, release planning models, applied measurement factors and some other 
related work.  
- Chapter 3: documents the research methodology process and illustrates the applied 
research methodology in detail. Subsequently, this chapter presents the study 
results and provides a discussion on implications of the findings of the theory and 
the practice.  
- Chapter 4: presents the proposed RP model and applies it using real data.  
- Chapter 5: presents the comparative analysis as an adopted evaluation framework, 
discussed the result   
- Chapter 6; concludes the research work findings with a summary, contributions, 
limitations and future work. 
- Appendix include the following: 
o A description of CharFramework software tool for the proposed 
framework. 
o Miscellaneous related references. 












The purpose of this chapter is to provide an overview of existing research conducted in the 
context of requirement prioritization for software release planning. This literature review 
provides the reader with an idea of how previous research addresses this problem, how 
different research approaches can be related to each other and how they influenced this 
thesis. It also provides the readers with information about problems and limitations of the 
previous research work. In the next subsection, we focused on the four main topics of 
importance to our research problem during the review process: 
• Requirement prioritization practice 
• Prioritization aspects 
• Requirement prioritization techniques and the validation process 
• Release planning models 
• Requirements Prioritization Parameters 
2.1 Requirements Prioritization Practice 
Requirements prioritization plays a crucial role in software development, and it allows for 








as well as market strategies. It is, in fact, considered a complex multi-criteria decision-
making process [7].  
RP practice is performed during requirements analysis process [6]. It is an area of 
optimization for software development process involving many stakeholders to maximize 
the utilization of limited resources and map them into business benefits [4]. It is an essential 
part of release planning process that has some direct/indirect impacts on software 
marketing process [11]. Thus, the importance of this practice gives us an advantage to plan 
on ahead of time and address all related concerns considering limited resources, inadequate 
budget, and insufficient skilled developers. 
Requirements prioritization practice is an iterative process [5] and might be performed at 
different abstraction levels and with different information in different phases during the 
software lifecycle. Many theoretical and practical requirements prioritization techniques 
were proposed in literature to handle different challenges related to support the decision of 
prioritizing software requirement features [1, 2, 4, 16, 19, 22].  
Philip et al. [34] conducted a systematic literature review by exploring all RP techniques 
and release planning methods, highlighted the objectives, challenges, and limitations of 
each technique/method. There was no any effort to tackle the inconsistency issue in al 
techniques. Joans defined et al. [7] challenges as “A study of identifying and choosing 
alternatives based on the values and preferences of the decision maker”. Several challenges 
associated with planning, designing, building, deploying, and testing releases such as 





impossible to implement all the requirements due to limited resources in terms of budget, 
staff, and schedule.  
Amir et al. [9], also found some potential challenges that are related to the release planning 
process optimization, including people cooperation, disciplines, abilities, systematic 
approaches, resources constrains, complexity, and interdependency requirements. 
Moreover, a study [9] confirmed that there is a strong correlation between the requirements 
prioritization practices and the rate of software product release delays [31].  
Lubars et al. [10] found that many organizations believe that it is important to assign 
priorities to requirements and to make decisions about them according to rational, 
quantitative data [3]. Still it appeared that no company really knew how to assign priorities 
or how to control the consistency of the requirements development plan and 
commercialization plan.  
The most critical practice in RE process is the selection aspects of the 'right' requirements 
and plans the releases; Research studies followed a certain workflow when introducing 
new methods/ techniques. The first step is concerned about the selection of the most 
appropriate prioritization criterion. Second step is the identification of requirement 
attributes that define the ranking process. 
Therefore; it is a mandatory action for project managers to select the appropriate method 
that quantify the requirement features and that uses criteria to prioritize those requirements, 









Figure 2-1: Requirement priority aspects  
2.2 Prioritization Aspects  
The success of quality software development depends on the right selection of candidate 
requirements which are prioritized based on key priority aspects [10]. Prioritization aspect 
is defined as set of properties that defines a measurement value of requirement E. There 
are many concerns in defining which aspects [33] should be considered during 
prioritization practice. Figure 2-1: shows the three aspects associated with their properties 
consolidated from the literature [4][6][10].  
Typically, requirements prioritization is carried out from three different aspects, namely, 
technical, business and client. Many techniques facilitate the requirements prioritization 
process through technical aspects. However, VOP is the only technique which covers five 
business aspects and one technical aspect for requirements prioritization process Most of 
RP techniques are usually evaluated based on business or technical aspects [35], Table 2-
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Table 2-1: RP aspects properties 
Amir et al [9] listed the following steps as guidelines for software requirements decision 
making process: 
1- Identify the challenges and its related boundaries 
2- Establish goals and system objectives 
3- Put conditions/requirements that problem solutions must meet 
4- Setup alternatives 
5- Define criteria to measure the goals and differentiate the alternatives. 
6- Select the decision-making tool: the selection of a suitable tool is based on the 
objective of the decision-making approach (such as multi-voting or brainstorming). 
7- Evaluate alternatives against criteria. 
8- Validate solutions against the objectives of the problem. 
Although, it is easy to consider one aspect as the focus of decision-making process by 
recognizing the requirements importance aspects to the system but it also can show an 








priority from different aspects, it is highly complex decision-making activity but more 
reliable to where some the aspects’ properties are interrelated and consider thoroughly 
during DM process. There are some business advantages in maximizing the profit, enabling 
the business growth, and gaining customer’s attraction and satisfaction [15] of applying 
multi-aspects technique. The responsibility of requirements engineers is to select the proper 
methods, techniques, and tools to streamline the requirements prioritization process based 
with well-defined technical and business aspects [22]. 
At present, RP practice in software development industry [18] is described clearly in 
concept but not practically implemented. Stakeholders need to find a way to 
compare/quantify the requirements before they can be properly ranked or prioritized on a 
particular scoring system [19].As far as the selection of the RP techniques is concern, 
various prioritization techniques have been evaluated on the number of characteristics: 
concept, ease of use, Fault tolerance, multi-criteria, multi-person, speed and complexity 
analysis in [23] using comparative analysis.  
2.3 Requirement Prioritization Methods and Techniques 
Several methods and techniques have been proposed for software release planning process. 
Some are appointed towards the release planning problem while others are just 
requirements prioritization techniques. The process of comparing requirements to each 
other becomes complex as the number of requirements increase which introduce another 
challenge to the subject.  
Karlsson et al. [4] suggests that RP process should be done in an incremental way as 





find it easy to interact with each other and agree on a set of requirements which need to be 
implemented.  
More research works [30 , 31] is conducted as a systematic review and mapping studies 
addressing some research questions in exploring and requirements selection factors, 
validation process  and their impact towards release planning .Research findings , were 
complemented each other where researchers found several facts in terms of the main focus 
on the proposed methods that were limited to set of requirements selection factors, with an 
emphasis on constraints like cost, resource, effort, and time-related ; some of the methods 
were validated in the industry, rest was validated in the academia with 80% case studies 
and most of them were market-driven software development; and no proposed release 
planning used outside the scope of academic work [52]. Also, several systematic literature 
reviews [34] have been conducted to evaluate the effectiveness of some existing 
prioritization techniques and explore their limitations, aspects. Most SLRs highlighted that 
lack of an empirical evaluation for several requirements prioritization methods [30], [31].  
Mauricio et al. [30] identified some research of interests such as the adaptation of multi-
objective based RP technique, use of hybrid technique that can complement RP problem 
solving, requirements interdependency that needs to analyze the effects when the 
requirements rate of changes is high, and the usage of experiment with real data in large 
scale which can reflect some thoughts of an optimized RP process [37].  
Certain constraints in resources, time, and limited budget are not possible to be considered 
completed for set of requirements development and delivered in a single release. It is 








and selecting the best suit of requirements within limited resources and well-defined 
deadlines [28]. 
There are various techniques available to support prioritization process and their efficiency 
depends on many parameters. There is a growing demand in the industrial software 
development that requirements management and planning is the key process towards the 
success of a software project which is a challenging task for product manager  
Karlsson et al. [16] described the requirements prioritization practices in three steps: 
- Preparation: Structuring of the requirements according to the principles of the used 
RP method. 
- Execution: establishing the measurement criteria that help decision makers to do 
the prioritization with a consideration of all the measurement information. 
- Presentation: share the results for evaluation purpose and modification 
Some prioritization techniques are based on a quantitative assignment to different aspects 
of requirements [18], Brackett et al proposed a numeral assignment technique, NAT which 
is based on the principle that each requirement and each requirement is classified as 
mandatory, desirable, or inessential and assign “a number on a scale ranging from 1 to 5, 
where the numbers indicate: 5: Mandatory (the customer cannot do without it). 4. Very 
important (the customer does not want to be without it). 3. Important (the customer would 
appreciate it). 2. Not important (the customer would accept its absence). 1. Does not 
matter”. This technique is commonly practiced due to the advantages of easy to be used, 
less time to rank, fewer steps to make decision and since it has close human interaction 





set of requirements [28] as well as can’t be adapted easily within the company strategies in 
terms of exploring some business or client aspects. Another approach introduced by Saaty 
[16] called Analytical Hierarchy Process. AHP is pair-wise comparing the classified set of 
requirements to determine which has higher priority and to what extent on is a ratio scale 
based RP technique that involves building a (ranking) of decision properties (requirements) 
system and then before making comparisons based on their importance and priority. As a 
fact, AHP is not suitable for large requirements set where the total number of comparisons 
to be performed in AHP are n (n-1)/2 pair-wise comparisons, where n is the number of 
requirements. Similar RP technique to AHP that works in hierarchal approach called 
Hierarchy-AHP [16] where requirements are structured in a hierarchy and it is considered 
as an enhanced version of AHP that addressed the drawback in AHP [53] of preventing it 
from scaling up on the number of requirements. It works with large or even medium 
number of requirements. It reduces number of comparisons as the requirements are not 
compared pair-wise. The only trade-off is that consistency check is reduced because the 
number of redundant comparisons is decreased which increase the chances of judgmental 
errors. Perini and Fondazione proposed a technique [53] which combines project's 
stakeholders’ preferences with requirements ordering computed through machine learning 
techniques that claimed to reduce the stakeholders’ preferences effort and keep high level 
accuracy of result estimates. however, this approach is not easy for automation be in a 
sense of the practicality. 
Priority group’s technique was introduced by Karlsson et al [3] as the name of the technique 
goes, its outcome is not the groups of requirements. It functions same as the numerical 








of high, medium and low. Within these groups, more three subgroups are created and 
process is repeated until a single requirement is left in each subgroup. In this way, a group 
of high priority requirements can be implemented first and a group of low priority ones can 
be postponed for later releases. The result of this technique can be represented using ordinal 
scale. 
CBRank technique [24] which is kind of a mixed process that combines a step of a pairwise 
case selection and a step of a pairwise preference and has the capabilities to solve the 
scalability issue in with good accuracy of the final rank and elicitation effort. Similarly, 
Karlsson et al. [3] introduced minimal spanning tree, it does not contain redundant 
comparisons which reduces number of comparisons to n-1 than which in AHP is n*(n-1)/2. 
With n-1 comparisons a minimal spanning tree can be constructed. It gives relative ranking 
intensity of requirements but due to lack of redundancy judgement errors cannot be 
identified. The result of this technique can be represented on ratio scale as in the case of 
AHP.  Another similar approach introduced by Karlsson called Bubble sort [3] is one of 
the simplest and basic techniques and It works same as AHP [16] technique it follows the 
activity of pairwise comparison concept where it is use to be used but its fundamental issues 
are the time complexity and scalability.  
Binary search tree introduced by Karlsson et al [4] nodes are labeled as elements 
(requirements). The requirements are prioritized using BST algorithm. The root holds a 
requirement that will be evaluated. Then each requirement is compared to this root node 
requirement and if it is of low priority it goes to the left node and if it is of high priority it 





proper places. It takes n log n comparisons with n number of requirements [16]. This 
technique can determine to what extent a requirement is important. 
Based on the importance, numerical assignment for sorted requirements are placed in BS-
tree nodes for ranking requirements [2].where requirements placed in the left subtree of a 
node are of lower priority than the node priority, and all requirements placed in the right 
subtree of a node are of higher priority than that node priority before prioritization is 
performed by comparing a selected node to in the top and select an unsorted requirement 
to be compared with it and carrying out repeatedly the process until no further node needs 
to be compared and at that time the requirement can be inserted into the right position. This 
approach in general is considered one of the best due to the capabilities to handle huge 
requirements set and easy to use with decent quality in results in addition to the satisfaction 
of some other business aspects like company strategy and added market value but its time 
complexity is very high O (n log n). 
Cumulative voting [6] or 100$ method is to distribute 100 points over the requirements; it 
is easy and fast to be carried out but limited comprehensibility with high number of 
requirements and flat requirements hierarchy. The issue in this technique is that 
stakeholders might be biased by assigning all their points to only of the requirement to 
make that requirement most important. However, it is considered faster and outperforming 
AHP. Beck K. et al developed RP method call planning game [18] which prioritize 
requirements based a combination of numerical assignment technique and ranking 
technique together where stakeholders write the requirements on story cards and the cards 
are sorted in different groups. The different groups should have different names, “those 








significant business value,” and “those that would be nice to have.” This technique is easy 
to be practiced using large requirements sets with few steps to make decision but it looks 
there are no chances for software vendor to participate in this prioritization. In cost-value 
approach [4] is introduced to prioritize requirements based on their added value and 
implementation cost but the issue here is the scalability and the time it takes. Another 
prioritization technique that produces the result of prioritization based on integrated 
technical aspects with business aspects is Kano model [31] which considers a comparison 
of customer satisfaction versus technical excellence. Other techniques are based on 
subjective measures which drive the giving priorities to requirements by reaching 
agreement between stakeholders.  
Berander et al identified commonalities and differences with regards to their characteristics 
for some prioritization practices [14]. Number of prioritization methods are useful in small-
scale data set and could applicable to some specific circumstances. AGORA is an extension 
to Goal-Oriented Requirements Analysis Method [20], which uses a goal graph 
contribution values and preference matrices are determined and these preferences are 
represented in the form of a matrix and stakeholders attach the value subjectively which no 
doubt will have accurate results but with high difficulty to use and to considered some 
business objectives. Win-Win [11] or Theory-W supports the negotiation process to solve 
disagreements about requirements and is commonly applied due to the lack of business 
aspects support. Davis developed a multistep process, “Requirement Triage” [21] which 
estimating resources necessary to satisfy each requirement. Wiegers' Method [22] calculate 
the priority from the value of a requirement, costs and technical risks associated with its 





technical aspects but lacks the granularity necessary to determine whether or not the 
requirement considers key business values.  Table: 2-2 shows different RP techniques 












Table 2-2: RP techniques and size of requirements 
Therefore, prioritization techniques should be easy to use” [14], [18],[35], should put a 
confidence of the user on the system. Another fuzzy prioritization framework used 
practically [23] to elicit stakeholders' business goals, rate the stakeholders, allow the 
stakeholders to rate the importance of the requirements, as well as rate the requirements 
based on objective measure. Bagnall et al [27] proposed NRP methodology that allows a 
set of requirements to be released in an incremental way based on a company budget and 
meeting the demands more advancement on this this selection technique has been 
introduced to consider multi-factors [26] when making Multi-objective release planning. 
RP technique Scale Type Size of Requirements 
Numerical assignment  Ordinal Medium, Large 
Ranking Ordinal Medium, Large 
Priority groups Ordinal - 
Game planning Ordinal Medium, Large 
Requirements triage Nominal Small 
TopTen Nominal Small 
QFD Ordinal Small, Medium 
Cumulative voting Ordinal Small, Medium 
VOP Ratio Medium, Large 
TOPSIS Ratio Medium, Large 
AHP Ratio Small 
CaseBase Ratio Small 
EVOLVE Ratio Medium, Large 
IGA Ratio Medium, Large 
RUPA Interval Medium, Large 
Minimal spanning tree Ratio Medium, Large 
HCV Ratio Large 
Hierarchy AHP Ordinal Medium, Large 








MONRP can merge multiple, conflicting objectives to maximize customers’ satisfaction 
and minimize the total effort involved in the development of the selected requirements. 
Therefore, achieving high-quality software is conditioned by the consideration all possible 
aspects during the RP practice. 
2.4 Release Planning Models 
The most crucial decision is to select a feature for implementation in the next software 
release. Many software release planning models are available which considers a wide 
variety of factors in deciding the implementation of a feature in a release [48]. All models 
provide different solutions of release planning and discuss different requirements selection 
factors. There are more than twenty-five release planning models proposed and 
systematically reviewed [7].  
Manju et al. [25] conducted an industrial survey and highlighted the current market practice 
of release planning is only considering one or two properties for requirements prioritization 
process. In recent research advancements in software requirement selection, more 
attributes have been considered to support the decision making process by implementing 
and automating search-based methods serve as that utilize search-based optimization 
algorithms an alternative way to solve some software requirements selection and make 
more advantages towards the enhancement of the scalability, practicality, generality, 
robustness [26] for or a very large and complex requirement data set. 
In section below, we highlight some information about RP models and their used selection 
factors.  





This model [48] focus on prioritizing software requirements based on stakeholders 
reference. It prioritizes the requirements based on their subjective relative judgment. It very 
simple put not used. 
EVOLVE-FAMILY 
This model considers the distribution of requirements to releases, controls stakeholder 
conflict, and allocate the resources to all the releases. It is an iterative approach which 
offers decision support for release planning. It is well known and consider the root version 
of EVOLVE-family [46]. Another version of this EVOLVE-family is called Evolve+ 
which an extension of EVOLVE and is GA-based in its algorithm that considers effort and 
risk of requirements. Evolve* was also another version that was developed as hybrid model 
to address the problem of deciding which requirements should be assigned to which 
releases. S-Evolve* was introduced which considers the functionality and characteristics 
of the existing system as core knowledge when making release planning decisions. F-
Evolve* on based on the financial aspects which can discuss which requirements can make 
the highest returns within the short period of development time. Evolutionary EVOLVE+ 
is an extension of hybrid approach that adds soft constraints and objective of RP to decision 
making process that were ignored in all previous EVEOLV approaches. It is widely 
accepted and validated in from real case study highlighted in SLR [48]. 
Next Release Problem (NPR) 
This model is uses heuristics to perform the release planning process. It uses an 
optimization technique that considers some selection parameters such as customer’s value 
requirement cost. 








This model [48] is used in Industry and is developed based on existing method “cost-value 
approach”. QUPER develop release plans based on some quality requirements where most 
of the existing approaches don’t not consider quality aspect at this level for release 
planning.  
Quality Improvement Paradigm (QIP) 
This model [48] is performed through six steps and it is goal is to deliver the client 
requirement within a short time. It uses a genetic algorithm computational through an 
iterative cycle of release planning process. It learns from the previous releases data for the 
improvements in future releases.  
Incremental Funding method: This model is financial based approach that is designed to 
maximize returns through delivering functionality in 'chunks' of customer valued features. 
It is useful to analyze costs and estimate revenues of some periods 
An Optimization technique for RP (AOTRP) 
It models the revenues against available resources in each period. It uses an Integer Linear 
computation technique [48]. 
Fuzzy Model for dependence constraints in RP (FMDCRP) 
This model handles the uncertainty of data using fuzzy logic [47]. It identifies structural 
dependencies between requirements 
Post Release analysis of requirements Selection Quality (PARSEQ) 
This model uses the backward analysis scenario. The quality of selected requirements in a 





requirements change many times and require the reprioritization process. PARSEQ is 
recognized as one of the most critical activities in market-driven software development 
[48]. 
2.5 Requirements Prioritization Parameters (factors) 
 
Requirements prioritization process is trying to determine the different degrees of priority. 
Requirement feature has different relevant attributes/parameters such as risk, cost, 
complexity, time constraints, dependencies, scalability, contradictory, penalty, volatility, 
resources, speed, value, effort, approach type, result type, size of requirements, granularity, 
number of comparisons, structure, customer importance, strategic importance, expert 
biases, provision of change of requirements, empirical validation, ease to use, support for 
consistency, sales impact, customer satisfaction, marketing, strategic and integrity that 
must be considered during the process of prioritization. These factors contribute to the 
conclusion. 
The prioritization practice could be used as planning process for different reasons such as 
selecting an ordered set of software requirements, scoping the project against some 
constraints such as schedule, budget, resources, time to market, and quality, estimating 
customer’s satisfaction expectations, getting a technical advantage and optimize market 
opportunity, and establishing a relative importance of each requirement for software added 
value. It could be performed based on three several aspects: business, technical, and client 
each consists of set of properties considered as factors that contribute to the measurements 
process of the prioritization practice. 








2.5.1 Business Aspect:  
- COST-BENEFIT 
Cost-to-benefit is widely used in release planning evaluation process by software 
solutions providers targeting an increase in the market volume of a solution within 
a short period of time. This business aspect is used to determine the options that 
provide the best approach to achieve benefits while make some budget savings. It 
also defines a systematic process for calculating and comparing benefits and costs 
of during the decision-making process, 
- VALUE 
With the increased focus on value criterion in software development that could 
reveal the importance of this factor in requirements selection process. Typically, 
there are different and conflicting priorities among different groups of stakeholders. 
Value is an independent parameter where all stakeholders can reach to an 
agreement with no conflict. The influence of a required feature towards the best of 
software functions and business operations is measured under the business added 
value. The business value is considered as an element that has different forms such 
as business operation value, customer value, supplier value. 
- RESOURCES 
This is the most important aspect parameter of a software development 
management, this parameter should be examined from different perspective (time, 





controlled. The time is defined as how much time can be given from a manpower 
recourse to participate in the development of a selected software requirement 
feature.   
- MARKET VOLUME 
This parameter gives a sign about the concern and interests for a solution provider 
to consider the leading position among other solution providers by implementing 
new innovative and unique ideas to be a pioneer in a specialized field that led to an 
increase on the market volume. It also gives a sign of the importance level in 
maintaining the company reputation in software market.   
- Risk 
A risk parameter is an incident that may occur and cause unexpected outcomes. The 
outcome may have a positive or a negative effect. A positive effect is an 
opportunity, while a negative effect may lead to downfall in 
business/dissatisfaction to a customer. A simple risk may consist of the following 
attributes: 
• Description of risk: A one- or two-line overview of the risk. It should 
be precise one. 
• Likelihood: Estimated probability of occurrence of the risk. 
• Severity: The severity of the risk is assessed based on impact of the 
undesired outcome. 
• Priority: This could be either given an independent value or set as a 








likelihood should receive more importance than a high-severity risk 
with a low likelihood. 
• Action: The response defined to manage/control the risk. 
2.5.2 Technical Aspect: 
- Volatility 
One of the challenges in software development plan is requirement changes during 
the development phase. Usually, the involvement of stakeholders has a direct or 
indirect influence on the system requirements. Moreover, there is usually no formal 
way to describe the features. Requirements has been reported as one of the main 
factors causing the software deliverables to be delayed [31]. 
- Complexity 
Requirement complexity of software development effort is a challenge for every 
software project, due to its strong impact on cost, schedule, functionality and 
quality of the software to be developed.  There are several factors to be consider 
when examining the requirements.  
o Dependency 
Understanding the effect of requirement dependencies to software engineering 
activities is useful especially for requirement prioritization practice and release 
planning. Karlsson et al. introduced the dependency types to prioritize requirements 
[17]. Many dependency types have been proposed in various dependency models 
over years and most of them have different levels of abstraction and different 





these models, there are two representative generic requirement dependency models. 
The dependency model proposed by Pohl [29] was based on a survey of over thirty 
publications around requirements engineering (Figure 2-1).  
 
Figure 2-1: P-model for requirement dependency 
 
o Productivity 
Estimating how much time an employee/developer need to complete a task 
(analyzing/coding) is not an easy job [8]. There are many factors to be considered such as 
the skills and experience of the employee, the resources available and the difficulty of the 
task itself. 
o Testing effort 
Testing scenarios must be considered as factor to measure when measuring the complexity 
of newly requested requirement features. 








This type of effort implies the required time to support the requirements during the bug fix 
and defects. Maintenance effort are aided by understanding what happens to software over 
time. A software development continues to evolve over time. As they evolve, they grow 
more complex unless some action such as code refactoring is taken to reduce the 
complexity. 
2.5.3 Client Aspect: 
- Urgency 
This aspect describes the criticality of requirement. It addresses the degree of satisfaction 
from the individual stakeholder perspective. It also addresses the time-to-market aspect, 
maybe, to reflect market needs and competitor analysis information. This factor measures 
the need of these requirements during the utilization of a software product. 
- Importance 
The client subjectively measures requirement importance when surveying set of 
requirements together.  
- Stakeholder involvement 
In most cases, stakeholders are not sufficiently involved in the planning process. This is 
especially true for the final users of the system. Often, stakeholders are unsure why certain 
plans were suggested. In the case of conflicting priorities, knowing the details of 
compromises and why they were made would be useful. All these issues add to the 
complexity of the problem at hand and if not handled properly, they create a huge 































CHAPTER 3: APPLIED RESEARCH 









Grounded theory approach was developed in the School of Nursing, University of 
California San Francisco by sociologists Glaser and Strauss [39]. It is defined as a 
discovery method that provides us with guidelines of building a theory from data collected 
from case studies, surveys, or literature and systematically obtained for a certain research 
practice.  
GT is usually applied when there is no clear research problem [40].it is an inductive process 
in nature, which means that we as researchers have no clue to prove or disprove and relies 
on the concept of ‘constant comparison’, a process in which we constantly compare 
instances of data that we have named as a specific category with other instances of data, to 
see if these categories fit and are workable. 
GT involves a progressive identification and integration of categories from data. GT has 





especially in the medical field [41], and management [42]. GT studies often collect the data 
from the interview, documents analysis, and practices observation. 
Parry [42] recommended the usage of GT as a qualitative research method to know: 
- How to start a research (identifying area of interest, avoiding theoretical 
preconceptions and using theoretical sensitivity) 
- How to do it (through analytical procedures and sampling strategies) 
- How to stop (when theoretical saturation is reached) 
Denzin et al. [29] lists seven different versions of GT methods, he did not specify the 
differences between all of them but, there were three main versions of GT [12] have been 
widely acknowledged and adopted by the researchers:  
1- Glaser's GT (classic); 
2- Straussian GT;  
3- Charmaz's GT. 
In classic GT, theory consists of concepts that are related to each other’s from the definition 
or function points of view, which provides self-explanation and prediction to its content. 
Charmaz's GT focuses on the understanding of the collected data and interpretations, and 
producing a theory as result of the researcher's analysis [29]. 
In this research, we used the classic version of GT [12] and structured the documentation 
in two sections. First section provides an overview of the adopted and applied grounded 
theory guidelines. Second section, we provide a worked research study of a grounded 








product named requirement characterization framework of requirement prioritization 
practice.  
Grounded theory experts [44] recommend minimizing the literature review practice to 
encourage broadmindedness in the research and prevent the researcher from validating 
his/her findings against the existing theories or establishing concepts. 
There is an increasing adoption in the field of software engineering studies to consider the 
social aspects in software development project [12]. SE researchers have subsequently 
adopted various research approaches from the social sciences. It is important that 
qualitative research methods are now adopted in SE research works [41] to identify the 
influence of people behavior on SE process. Grounded theory is an example of those social 
sciences research method that got an enough acceptance in SE.  
We performed a quick search in Scopus to look at the statistics of GT studies employed in 
computer science field during the last two decades (1997- April 2017). It is almost 3,141 
research works. Table 3-1 and Figure 3-1 illustrate this information. 
The gradual increase of GT-based could reveal two things. First, most of SE research 
concerns are behavioral related practice. Thus, research uses GT approach as method to 
study the root causes of an issue that is subjectively reasoned to the way of people thinking 
practice. Second, it could also reveal the simplicity of GT method to understand the 






In this research, we applied GT–based study to explore all aspects of the RP challenges 
and extract some concept and categories, then put a consideration in each case of that 
discovered concepts when building a theory or a solution. 






















Table 3-1: GT-based research publications in computer science (1997- April 2017) 
 
 
































Researchers have recently shared their experiences of applying GT by indicating its 
usefulness as a research method [51]. Most of them reported it’s important because it 
produces constant evidence that supports the contribution to the field of a study. In practice, 
it is essential that researchers should design and report their findings of the studies 
inductively.  
The motivation of using GT as research method in our study originates in the idea that 
software solution providers are not following ‘best practice’ in requirements prioritization 
for a reliable release planning process. On this basis, we initially set out a research question: 
Why software solution providers are not using a standard RP practice? to create a rich, 
explanatory theory of that software engineering practice and to clarify the transition from 
a subjective prioritization practice of software release planning methodologies to a 
characterization based method. 
Since GT is a systematic analysis approach that facilitates the creation of a theory based 
on a study of a certain phenomenon or practice, a workflow concept was introduced by 
Glasser [40] to setup clear steps; Figure 3-2 illustrate the workflow steps.  
Each GT workflow step has its own source of data or interpretations called artifacts and at 
the same time it works as source of data for the next step in the workflow.  
The Research question: GT-based research initially requires some research questions to put 
the study effort focused on a specific phenomenon or concerns [12]. The question helps to 
identify the phenomenon of interest and its causes and implications. The GT initial research 





detailed information. It should also give a direction of researcher towards action and 
process as well as never imply making a conclusion derived from existing theories.  
Data collection: GT has the flexibility to define the source of data channels it is compatible 
any form data collection techniques Semi-structured interviewing, observations, focus 
groups, existing texts and documents can also be identified as source of data for GT 
analysis. 
Theoretical sampling: The researcher discovers different data types based on some gaps 
from the samples and seek more concepts to be explored. Theoretical sampling is non-
deterministic as compared to the conventional sampling methods [12]. 
Coding: It is the initial step to establish uncertain relationships between categories through 
the data analysis. Coding process help the researcher to identify ways in which categories 
may be linked with one another at later stage. 
Theoretical sensitivity: it gives the ability to extract concepts, and to establish relationships 
between concepts. It is one of the core process in GT method. 
Memoing: Notes, diagrams, are all type of memoing is used to describe categories as they 
emerge, describe properties and relationship [12]. These memos are the most important 
step in theory generation as Glaser’s said, “if the researcher skips this stage, he is not doing 
grounded theory” [12]. 
Sorting: It is a process that enables the interface between the memos and the concepts to 








Theoretical saturation: Theoretical saturation refers to the stage in which a theory's 
components are fully supported and new data does not add much values to the body of the 
analysis process [12]. Grounded theory is unlike most other research methods. The 
researcher moves back and forth to ‘ground’ the analysis in the data.  
Constant comparison: Data, memos, codes and categories are constantly compared in 
categories to ensure focusing on finding the differences within a category to identify any 
emerging subcategories. With this process, the full complexity and diversity of the data can 
be recognized, and any homogenizing impulse can be counteracted 
Categories: grouping together of instances (events, processes, occurrences) that share 
central features or characteristics with one another. It can be at a low level of abstraction 
Making a theory: the conclusion of studied phenomena will create the concept and 
categories in a form of highlighting the issues and causes.  
 
Table 3-2: GT Process vs Artifacts 
GT Process Artifact 
Research question Extracted as reasoning question of an 
issue  
Data collection Identify the input data channels and 
data type  
Theoretical sampling Select representative samples   
Coding Collect samples’ analysis 
Theoretical saturation Capture more details 
Constant comparisons Merge findings  
Build theory Make the conclusion and produce a 
product 















3.1 Study Map 
The study was conducted in a form of three different scenarios: interview, observations and previous document analysis. Each scenario 
has its own GT nature of process treatment as shown below in GT process diagram:   
 





3.1.1 Research Questions 
A review of some studies indicates that there is no common practice for RP [28]. Also, 
there is no standard practice that has gained enough acceptances among software 
development companies. In fact, the inconsistency issue in release planning explored in the 
research studies stated that issue is only the outstanding challenges of release planning that 
has not thoroughly addressed. Thus, building a standard process to address that concern 
involves a lot of process to be considered in organizational practices, process, and people 
. 
Therefore, to ensure the collection of all the required data from what we specifically focus 
on and what we want to investigate about.  Below are the employed research questions: 
- RQ1: How do software companies prioritize the software requirements and plan the 
releases?  
- RQ2: What are the priority decisions factors? 
- RQ3: What are the issues of the RP practice? 
- RQ4: What are the drivers of the applied prioritization method? 
- RQ5: When requirements prioritization is carried out?  
With these main questions, we conducted an empirical study using GT method to manage 
the focus of the study not to use them for interview. 
Table 3-3: GT study Focused Topic 
Research question Topic 
RQ1 Current requirements prioritization practices in the companies 
RQ2 Factors that have, or should have, an effect on priority 
decisions 
RQ3 Problems that companies have with their current practices 
RQ4 Sources for priority information 








3.2 Data Collection  
There is a lot to be learned just by observing the practice with the organization. Data 
collection step is the main source of the information. The initial stage of data collection 
depends largely on a general subject or problem area, which is based on the proposed 
research questions’ perspective of the subject area. We began identifying some key 
concepts and features which we will research about. This gives us a foundation for the 
research. We adopted the theoretically sensitive from that beginning so that a theory can 
be conceptualized and formulated as it emerges from the data we collect. 
3.2.1 Interview: Software Industry Practices 
Three participants from three different IT solution providers in Oil and Gas industry were 
interviewed about their applied RP practices (Schlumberger-SIS, Halliburton-Landmark, 
and Paradigm) during their software development lifecycles. The reason of this data 
collection step is to collect, understand, and classify the main drivers of the RP practice 
from the industry. The interview was conducted in a form of an open-end question to know 
the objectives led the solution provider to consider different when performing RP practices 
(see Table:3-3).In order to follow Glaser’s advice [39] regarding the interviews questions 
and how we continually change them to specifically focus on the concerns which seem 
central for the concepts, categories, and theory, we limited the interview to one on general 
question to several reasons:  
o Participant can come up with their own clarification questions which will help us to 





o Introducing many questions where some of them might be applicable to some 
participants and some aren’t applicable thus, this gives an opportunity to have guessed 
answers which hold back the induction of concepts and categories. 
o Make simple and attractive to participant. All participants we interviewed has been 
requested by email to send use a feedback about their experience of applying RP 
practice. This feedback could be interpreted as a response in a form of technical report 
with details and examples, or just a simple paragraph especially if we are considering 
one of the important client of their software client projects.  
Table:3-4 shows the number of Participants and their considered aspects. Table:3-5   
describes the participants job description and their relation to prioritization practice 
Table 3-4: RP perspective (interviewed) 
 
Company  Participant’s job description and his relation to prioritization 
A Product champion: Main task is to elicit and prioritize requirements. 
A Software development Project Leader: R&D unit. Good experience in 
requirements prioritization. 
B Project manager: Collects information about markets and writes requirements 
specification, good experience in requirements prioritization 
C Product development engineer: implement a requirement management tool to the 
organization and participated in requirement prioritization practices.  
Table 3-5: Participants 
IT solution providers #Participants What are the main drivers for RP practice and release 
planning process? 
Business Technical Client 
A 2 Cost-to-benefit, value 
(1) 
Recourse (3) Needed 
(2) 
     
B 1 Cost-to-benefit (2) - Need and applicable 
to others (2) 
Urgent (1) 
     










3.2.2 Observation: Document Analysis 
Similarly, we identified four software development projects and extracted some 
information related to the prioritization practices and the release planning documents. This 
type of scenario was initiated to find the used factors of the used RP practices and contain 
the introduced deficiencies. The review studies of these documents will also meet the 
answer requirements of RQ2 and provide some information about for the impact of the 











SDLC-Proj-1 20% 2005 End 2005 Few requirements, scientific 
domain  
SDLC-Proj-2 34% 2007 2008 Complexity, level of requirement 
abstraction 
SDLC-Proj-3 11% 2009 2009 Few requirements, frequent 
changes 
SDLC-Proj-4 65% 2014 2016 huge # of requirements, 
requirements changes, limited 
manpower 
Table 3-6: SDLC documents analysis (observation)   
3.2.3 Review: Academic Literature 
Literature review was the active acquisition of data from a primary source, it involves the 
recording of data/information based on different type of methodology perspectives that 
could be subjective or qualitative.   
Glaser [40] had much of the prior background reading which provides the models to help 





closely related to what you are researching. That avoidance to minimize constraining the 
coding and memoing process. Therefore, Literature studies [2], [9],[16] provide us with 
level of domain expertise and latest advancements and give us a foundation to meet the 
study requirements and the proposed research question RQ1.  
 
Figure 3-4 the size of GT study scenarios 
3.3 Analysis 
3.3.1 Theoretical Sampling 
Theoretical sampling is a process of data collection for generating theory whereby we 
jointly collect codes and analyses data and decides what data to collect next and where to 
find them. 
The initial data sampling starts in each type of scenario separately. In the first scenario, we 
had a prior background reading which provides the models to help make sense of the data. 
In other words, theoretical sampling is not about sampling list of tasks/processes but 
sampling concepts.  Thus, we went to the places, persons, and situations that will provide 
information about the concepts you want to learn more about. There are more chances to 
explore more and more details later one which will meet answering the rest of research 
questions and participate in identifying the categories to add more sample in such a way 








3.3.2 Coding Process 
Coding process is considered as the core of the GT research method that takes care of 
analyzing all collected data have a systematic data process activities. It contributes to 
theoretical sensitivity, which gives the ability to understand the data’s important elements 
and how they contribute to the theory. According to Strauss and Corbin [17] said, “the 
theory that is derived from the data is more likely to resemble what is actually going on 
than if it were assembled from putting together a series of concepts based on experience or 
through speculation”. Table 3-7: describe the applied open coding process 
In this coding process, we addressed one of the challenges of understanding the data 
analysis results from the abstract point of view. Thus, applied three different type of coding 
process to answer the research questions (RQ1, RQ2, RQ3, RQ4, RQ5) by identifying the 
main properties of the answers 
- Open coding: we read through our data several times and then start to create 
labels for group of data that summarize what we see happening (not based on 
existing theory –based on the meaning that emerges from the data).  
- Axial coding: we identify the relationships among the open codes. What are the 
connections among the codes?  
- Selective coding: Figure out the core variable that includes all the data. Then 
reread the transcripts and selectively code any data that relates to the core 
variable you identified. Table 3-5 below describe the applied open code process 





Focused topic Participants Quotes Initial coding Theoretical coding 
RQ1 
“based on business demands” 
“customer satisfaction” 
No standard method 
Requirements prioritization is an 
ambiguous concept 
Standardization  
“based on our goal”, “based on an objective” One-dimensional Needs to be comprehensive  
“We try to judge costs in the early phases of development. We 
have no formal method for that. 
” of course, value is the main driver” 
Benefit-based Cost-to-benefit  
RQ2 
“it is not considered” Difficult for MCDM  Practical, simple 
“no enough data for DM process” 
The priority of a requirement is based 
on some selected factors 
No common practices serving 
different purposes 
“can’t be by mulita-based DM process, large scale of 
requirement” 
Developers do not know enough about 
customer preferences 
Scalability issue  
RQ3 
“postpone the implementation” 
Prioritization practices are informal 
and dependent on individuals 
Should be easy to use 
“More data is missing, result requirements to be dropped” Require some efforts  
Not measuring the technical 
complexity of that model  
“full understanding of requirement features” 
Constrained after requirement 
elicitations   
Consistency issue  
RQ4 
“we usually consider one aspect”,  
“Our local areas have the same problem as we have. How to know 
what is truly important to customers?” 
Business, technical, client   
Impacting indirectly the release 
planning: consistency issue 
RQ5 
“Client put the requirements, we analyze it in terms of 
functionalities and complexity”  
“We have a person who knows what it takes in the way of 
resources to implement the requirement and a person who knows 
how much effect it has on business. It is just a mutual discussion.” 
Requirements are prioritized in many 
phases 
More consideration is required to 
the level of abstraction and 
dependency.  








3.3.3 Concepts and Core Categories 
In this GT research study, we began coding/data analysis in each iteration during the sampling step to identify concepts, grouping them 
to categories, identifying the categories´ properties and dimensions; in every practice. Figure 3-4 below identifies the common explored 
concepts and identifies the main challenges (categories)  
 





RP technique Scalable  Comprehensive Consistence Practical 
Numerical assignment  Yes No Yes Yes 
Ranking No No Yes Yes 
Priority groups No - No 
No 
Yes 
Game planning No No Yes Yes 
Requirements triage No No Yes No 
TopTen No No Yes Yes 
QFD Yes - - No 
Cumulative voting No No Yes Yes 
VOP Yes - - - 
TOPSIS Yes - - - 
AHP No No Yes - 
CaseBase Yes - - - 
EVOLVE Yes - - - 
IGA Yes - - - 
RUPA Yes - - - 
Minimal spanning tree No No Yes Yes 
HCV Yes No Yes - 
Hierarchy AHP Yes - Yes - 
Bubble sort Yes No Yes Yes 
Table 3-8: RP practice challenges’ categories  
In Table 3-6, we identified the challenges of each RP practice and categorized its function 
in terms of the features such as comprehensiveness, consistency, practicality, and 
simplicity for both scenarios in this applied GT study. Thus, this data analysis step gives 
us a chance for exploring the challenges of all categories and enriches the research study 
for further details and technical concerns to be considered when developing the solution.  
3.3.4 Theoretical Memo/Noting 
After each interview and document review ideas and concepts started to be noted during 
the data collection activity. This process is known as theoretical memo [39] which are notes 








In fact, the emerging codes, concepts, and categories and relationships give some ideas 
captured as a memo and then, we collected more data for the memos. In effect, memoing 
task adds usually relationships (link the categories to each other”). 
3.3.5 Sorting 
Sorting is the compilation process of the emergent categories with its related concepts and 
links. It started when all codes reached the saturation level, and data collection was almost 
finished. In our research sorting process was conducted by the grouping based on the 
similar categories or properties. Then arrange the groups to reflect their relationships. 
Applying this procedure helped in structuring and outlining the required RP solution 
requirements. It also shows how we structure the study report to communicate the theory 
to others. 
3.3.6 Study Report 
First, the study revealed some important findings like what have been explored in the 
literature studies [34] [50] with respect to the challenges and concerns of RP practices and 
their aspects categories. This confirm the agreement of the findings in both source of the 
problem investigations. Apart from these similar categories, we extracted some other 
categories related to the structural attributes of RP method and its adoption process in 
which it has been identified as core categories of the requirements characterization 
framework concept. 
This study also, revealed some important implications for acceptance. The results 
explained the realization of a solution framework and its implementation which is 





of incorporating all aspects of a requirements through a characterization step and before 
starting the prioritization process. 
The proposed RP practice is a combination of two processes which mostly focuses on 
people and process. In fact, that makes the characterization method promising compared 
to the traditional RP practices. Also, the study supported the previous research studies that 
highlighted the advantage of considering a several aspects to achieve a reliable 
prioritization practice.  
This study also put some constraints for a successful framework to be comprehensive, 
practical, scalable and iterative. These characteristics represent the main features of an 
effective practice. Each of these characteristics emphasizes a critical aspect of requirement 
characterization. Furthermore, since achieving business benefits is the main aim of the 
framework, the characterization framework should be value-oriented .At the same time, 
the ability to define several properties (factors) that assists in its implementation is 
important. 
The inter-relationship between two selected properties of requirement characterization and 
their contribution direction was another finding of this study. Although there is no standard 
practice for requirements characterization adoption, the emerged steps, seem to be 
sufficiently useful when it introduced the competition scenario and made applicable to all 
discovered categories regardless of their relationship and property type. 
The results showed that requirements characterization can be applied in any release 
planning process if it satisfies the main characteristics and steps of that framework. 








solution provider can prepare an action plan based on this approach and apply it during the 
release planning process. Such a framework that is easy to use and practical can be applied 
for even small number of software requirements. 
3.3.7 Theory Building  
Theory building or theoretical coding is the final step of this GT application and was 
applied to identify the relationships between the core categories, and form the hypothesis 
that create at the end a theory, solution, or product [39].  
In this application study, a solution that adopts addressing the concerns reveled in a form 
of category or link has been considered as solution components.  
Therefore, a discovered theory makes the specifications of the final “product” of a 
proposed solution framework. There are different structures of theories, called “theoretical 
coding family” [39]. One of the most popular codes in this family is about the process 
“|concept”. We used this coding family to formulate the competition-based and 
characterization concepts. Each coding family (concept) demonstrates category in the form 
of elements, types, or properties.  
As part of theory building process in finding the links and connection which revel ability 
to enable the emerged categories which is explained in a form of process coding approach. 
Figure 3-5 illustrates the competition-based and characterization concepts identified the 
core categories and how links and connection described the transition steps that makes the 


















3.4.1 Structural attributes of the characterization framework 
During the theoretical coding step, we identified the emerged categories and 
identify the most important attributes that can be useful for RP practice. We 
believed considering these attributes as fundamental features of the RP practice, 
makes it less costly in terms of the required time and effort in any future demands, 
and more effective approach to consider at the beginning of release planning. In 
below section, we explored the impact of each attributes as result of the requirement 
characterization framework. 
3.4.1.1 Comprehensiveness 
This is the most important attributes which is used during the evaluation process to 
assess all aspects of a software requirements prioritization on a continuous basis 
throughout the development lifecycle. 
All the solution providers’ participants emphasized that requirements prioritization 
practice should be a multidimensional evaluation process. Considering the business, 
technical, client aspects is the most important factors which lead to successful 
release planning. Requirements characterization framework helps solutions 
providers to achieve, as much as possible, of these aspects. Of course, defining and 
selecting appropriate metrics for measuring any aspects are significant factors in 





Solution providers need to define properties before starting RP practice and 
requirements characterization framework must consider such properties values in its 
workflow. The adoption task of this attribute should be a satisfied by considering a 
multi criteria decision making process to find all factors for the requirements 
characterization. 
3.4.1.2 Consistency 
The consistency attribute is the crucial part in declaring a successful release planning process. 
It is a one form of requirement validation process and its objective to check whether the 
delivered software requirement is satisfied. It also facilitates the changing tasks between 
various parts of the software requirements being collected, developed, and released. The 
requirements consistency attribute we discuss has several many aspects to be looked at such as 
interfaces, control parts, representations, relations with other requirements.  
In data analysis, we identified that requirement volatility cases as the most important factor 
that could reveal indication about the inconsistency during requirement prioritization practice.  
A dynamic method to review periodically requirements changes and have reflected and 
acknowledged by software engineers, users, and other stakeholders to ensure that the limitation 
of consequences issues associated with consistency are detected and corrected. For example, 
adopting a multi-level process, like spiral method, could be useful to contain the consistency 
issue.  
Therefore, software companies and organizations can use a simple and well-known design for 
release planning rather than using a complex prioritization framework to address the 









that the characterization framework is important and can help solutions’ providers to avoid 
obstacles they might face during prioritizations practice. 
3.4.1.3 Scalability 
Prioritization process can sometimes be time consuming and difficult for its stakeholders. The 
process of comparing requirements to each other for ranking becomes complex as the number 
of requirements increase [38]. Hence, this process should be done at the time of eliciting and 
analyzing requirements when their number is quite small and it would be easy for analysts and 
stakeholders to interact with each other and agree on a set of requirements which need to be 
implemented while developing the system. Typically, the customers and developers may be 
doubtful towards this process because customers feel only the important requirements will be 
implemented and developers are afraid to admit it [35]. 
Therefore, scalability attribute is amid in GT study to manage the prioritization step of many 
requirements. Most of the studied approaches used the concept of the concept of pair-wise 
comparison that is time consuming and suffers from exponential growth as the number of 
requirements increases which defects the prioritization effort. In fact, data analysis showed that 
as soon as the number of requirements increases, scalability will limit severely the applicability 
in most of the explored RP techniques. In this regard, we need to adopt a kind of solution 
requirements that define a limit on the variation of the estimated requirements ordering under 






A Practical approach is the last emerged structural attribute of the proposed characterization 
framework .it is basically defining a clear-cut step and of RP method to be easy to be 
understood and applied for any requirements set. 
Data analysis stated the easy to use as one of the challenges most of the studied RP practices 
are not considering. Adopting this attribute is an opportunity to be addressed in the proposed 
framework. Most of IT solutions providers are not really interested to use any RP method that 
is complex or unclear.  
3.4.2 Characterization framework components 
In Section 4.3, several structural attributes were introduced to address the settings of the 
proposed solution. It revealed the appearance of several key components in requirements 
characterization framework and adoption process. The below section describes these 
components and provide a description of the adoption process. 
i. Elements 
Element is the core item in this characterization framework. It is the elicited software 
requirements. Each element should be defined in a form of types and levels. There must be a 
clear a description of a requirement that each stakeholder can understand and measure from 
business, client, and technical point of views.    
ii. Aspects  
Aspect is a classification type of a selected criteria that need be used as a property in the 
characterization framework. Example is the risk and penalty properties; both of them are 










This part is the actual quantification attribute to evaluate a requirement feature during the 
characterization workflow process.  
iv. Competition method   
It is the core method in characterization framework used to evaluate a software requirement 
against pairwise selected properties. The input of this method will be a requirement element 
and the grid properties to quantify each element from four different class defined in that grid    
3.4.3 Framework adoption  
The adaptation of requirement characterization framework is implemented as three main 
workflow processes to control the workflow of the prioritization practice Figure 3-7: 
 





• Requirement Initiation process: 
In this process, requirements features are listed and grid properties are identified from the three 
aspects, business, client, and technical. 
Understanding requirements details increases the possibility of project success. During the 
requirement analysis step, a requirement feature is quantified to users’ expectations and 
technical details. We assume in this process that the requirement feature is in low-level of 
abstraction in which the complexity is measured in terms of size and structure categories.  In 
size category, is code-based measurement for length or functionality factors. The challenge in 
this it cannot be asses it at early stages in the software development process. However, in 
structure category, it considers the software structure by means of flows, control, structures, 
and interaction as factors which can reveal some information about the dependency, 
infrastructure and integration of a requirement feature. 
On the other part of this initiation process, List of properties (factors) that is selected to be used 
as a property that will be assigned with right value during the characterization process. Each 
property is subjectively assigned with a value of four categories calculated using the 
competition grid. 
This final step in this process is which focus on building the strategic-quadrant grid by taking 
a pair of properties considering the interrelated-compliance condition to build the grid and 
map the order of class A, B, C, and C subjectively. Each class has an assigned value that 
characterize a requirement when it fits into it. Thus, a requirement E is evaluated on the basis 











• Requirement characterization process: 
This is the measure process in the framework, where we build the competition grid and assign 
a rank for class of the competition categories. 
Building the competition gird requires a study of the inter-relationship between two properties. 
If there is no inter-relationship between them, then building the grid for those properties is 
ignored.  
The purpose of this process is to figure out a concept of the contribution direction. The 
definition of the contribution direction is for high/low axis; if both properties axis types are 
logical have the same direction towards (undesirable or desirable) then, it won’t contribute 
fully to result and the assignment of C and D categories will equal in their sorting. Figure 3-8 
and Figure 3-9 illustrate the concept.  
 
 







Figure 3-9: Partial-contribution Inter-relationship 
• Requirement prioritization process:  
The characterized requirements are produced as an output from the framework, then clustering, 
sorting and prioritization steps are performed to create the priority list. 
Since the characterization process is completed and all requirements are characterized from 
different aspects, we started the prioritization process which simply consists of three modules 
as below: 
Clustering: In this module, the requirements are put together based on the resulted values from 
the competition in each grid. This module-step is important to control the weighting factor by 
counting the frequency number for each class type and to minimize the human interference to 
the result and address the highlighted concern about the subjective weighting factor practiced 









Sorting: we determine the importance of the element based on the resulted value from the 
clustering step. This is basically applying a similar concept of PageRank algorithm [55] used 
by google search engine to rank and sort the search resulted web pages based on the 
importance. 
Ranking: It is the core and final module step in the prioritization process. It calculates rank of 
each requirement element considering its individual performance and it is weighting factor 
among set of prioritized requirements.   
3.5 Research study validation 
Glaser and Strauss [43] consider the reason of using GT to build a theory, not to validate it. In 
fact; they consider its validity is not a critical issue in GT. Therefore, other chances are giving 
to the researcher to apply it and verify. Glaser claims that an emerged grounded theory is 
grounded in data and in some respects already has been verified. “A grounded theory gets its 
concepts from the data; it does not bring ideas to force the data that need to be subsequently 
tested”. 
We considered Glaser’s criteria [43] highlighted for evaluating the credibility of the emergent 
theory and its related categories that comes out of GT research efforts: fit, workability, 
relevance, and modifiability. We will discuss their implication of practice from the adaptation 
















Focuses on codes, categories, and theory from data rather than researchers’ 
thoughts of ideas. It emphasized that GT researchers must ignore their own 
perceptions and remain open to the data [43]. 
We found the diversity of that data 
collection makes it more supportive in 
building the final product in conducting the 
research questions, analyzing the document, 
and reviewing the literature. 
Workability 
Assess the integration of the core category and its main related categories. A 
theory should be able to give details of what is happening in the area under 
study and out a prediction of what will happen next. It shows how the 
progress of concerns/issues under study is continually resolved. 
We introduced a reviewing process after 
each GT practice to review the progress, 
new findings and consider new induced 
issues/concerns. 
Relevance 
Test the focus of a grounded theory application towards the identified 
issues/concerns. It allows core problems and processes to emerge”. GT 
researchers can assess workability and relevance criteria by asking the 
participants whether the emerged categories and theory relate to the main 
issues of the study [43]. 
We maintained the satisfaction of this 
criteria within the reviewing process of 
during data sampling and coding process  
Modifiability 
To measure the ability of the theory to be continually modified upon 
acknowledgment of new data. As Glaser states [43].“a category, which fits 
and works, is relevant and is subject to continual modification”. 
We meet this criteria by limiting the open-
end question to only one. Assumed 








CHAPTER 4: PROPOSED REQUIREMENTS 








The common highlighted concepts and categories explained in section 3.2.3 are the main pillars 
in the proposed solution including (comprehensiveness, practicality, ease of use, and 
consistency). There must be a mechanism to dynamically consider all those pillars (factors) 
within constructed framework solution.  
The consistency attribute is modeled to make the framework solution aligned with release 
planning process which ultimately increase the reliability factor. The framework solution 
should also provide a type of scenario that makes it comprehensive to support the different 
aspects of RP practice where the added value, cost, needs, urgency and complexity of 
requirements features. In addition, the prioritization model should be practical and ease to use 






Figure 4-1: Solution components requirement 
3.0  Solution Components 
As explained in section 3.3.1, the comprehensiveness of the characterization framework can 
be addressed in such a way that considers all key aspects during the requirement prioritization 
practice.  Thus, the proposed solution will serve all main characteristics and steps identified 
from GT study in the normal situation of RP practice. Furthermore, we conducted an extensive 
search process to explore all the applied evaluation methods that consider multi-criteria aspects 
in their decision-making process in which it collects more information about the items that 
need to be evaluated. We found a method applied in medical field called strategic-grid method 
[8] that can prioritize patients for medical treatment based on classification, grouping, or 
characterizing set-up in a form of a competition.    
To understand the work steps of the proposed competition-based requirement prioritization 
model, there are some basic principle components such as strategic-grids [8] and competing 








4.0.1 Strategic-grids method (competition-grid) 
Strategic grid approach is applied in medical-treatment field where medical personnel 
prioritize the patient based on {criticality vs treatment} into four categories:  
- DIE: Treatment is low and the case is highly critical 
- SURVIVE: Not enough treatment and not critical 
- GOOD CARE: Enough treatment and not critical 
- SIGNIFICANT IMPROVEMENT: High treatment and case is high critical. 
Figure 4-2 shows an example of that treatment. A company can use the strategic-grid to classify 
their software requirements with other stakeholders as a preparation step to get the “big 
picture” and have enough knowledge for RP practice. It also provides an idea about the critical 
and near future development plan and efforts/resources allocation by focusing on addressing 
highly-prioritized requirement features first. This model becomes more useful when a 
company is limited in recourse capacity and wants to focus on areas that provide ‘the biggest 
outcome’ via a mechanism to take a thoughtful approach to achieve maximum results with 
limited resources.  
 





The patient treatment will be prioritized in the direction of a positive health support which we 
can assign A, B, C, and D as a rank for the prioritization purposes. The usage of this quadrant-
grid in our design model will be to characterize set of requirements towards the requirement 
development for a software releases. To determine the selection factors when performing the 
requirements prioritization practice, simple and easy grid with four quadrants that each one has 
its assigned value can reflect the evaluation result from a competition performed between two 
interrelated properties. 
In addition, the comprehensive attribute of the requirement prioritization process can be 
achieved by considering e.g. the cost, value, importance, deadlines, complexity, risk 
technological constraints, and quality constraints.  
Therefore, a part of our model is a preparation step to collect and combine several properties 
that are required for competition purpose, which means two properties that could be implicitly 
related to each other e.g importance/urgency, need/feasibility, cost/value…etc.  
The following steps show the guidelines of building characterization framework: 
• Select properties – by choosing two properties that are relevant to the 
stakeholders/company property (e.g. ‘importance/urgency, ‘cost/impact’, 
‘need/feasibility,’ risk/penalty’,etc.). 
• Create quadrant-grid – Set up the four quadrants and assign the properties to each axis 
independently.  
• Create arrows on the axes to indicate ‘high’ or ‘low,’ as shown in Figure 4-2. 
• Assign quadrants matrix-value – assign (0.25, 0.5, 0.75, or 1) based on the degree of a 
positive reaction/contribution e.g in Table 4-1 show the class and the assigned score 








treatment in the model and the coefficients of a model are not scaled with respect to the 
units of the inputs 
 
Table 4-1: Grid class type vs score value 
Adopting this form of scoring system (low, high) could be debatable and exposed to a threat 
to validity case when it is applied with fixed scoring system. However, the objective of this 
evaluation method selection was not to capture the uncertainties from different stakeholder’s 
responses but to find a distinct feature that can attribute each requirement E, eliminate the 
ambiguity of using the framework by assigning requirement E to a distinct and well-defined 
grid quadrant. 
4.0.2 Grid properties binding 
To build the competition grids, we need to identify the following: 
I. Interrelated properties identification  
In this identification process, we prepare the number of competition grids applied for the 
requirement elements considering the uncertainty cases to be excluded. These cases can be 
detected when there are two properties are same or contributing to the same direction.   
The maximum number of competition grids is relatively calculated as follow: 
𝐶𝐺 = (𝑔𝑝𝑛2 − 𝑔𝑝𝑛)/2 
Where 
CG : Number of competition grids 





II. Grid class mapping process 
In this process, we assign a class (A, B, C, D) distinctly in each category based on a subjective 
ranking towards development advantage. For example, when we evaluate the cost-to-value for 
certain requirements elements, the grid is built as shown in Figure 4-4.   
4.1 Characterization Framework 
To characterize the need features, competition grids is built between two interrelated 
properties. This step is considered as the quantification process in which requirement 
feature/element E will be evaluated from two different perspectives. Entering many 
competitions creates a comprehensive evaluation that support the decision-making process. 
Each competition-grid has set of class categories which supports different characteristics or 
properties. A matrix value is calculated and assigned each set two competed characteristics for 
one E requirement. Applying the same method for set of competition grids result in a definition 
of the matrix structure row/columns in which number of rows is defined by number of 
requirement elements E and number of columns is defined by number competition grids. 
By listing all requirements entered for prioritization process and preparing all bounded 
properties that forms the definition of the competition grids, we evaluate subjectively each 
requirement element E against each gP which represent a competition grid and select the 
appropriate class in an independent of other requirements. we continue to repeat that evaluation 
in all identified competition grids gPn and perform similar thing with the rest of the 
requirement until we complete building the matrix. See (Figure 4-3). 
As a result, this step concerns the building of a matrix is basically we build knowledgebase 









Figure 4-3: Competition matrix  
4.1.1 Competition grid development  
There are many properties can be considered for requirements characterization process. In our 
model, we identified twelve interrelated properties that can characterize the requirement 
systematically and with high quality model option. 
• Cost vs Value  
These two properties can be competed to distinguish the value added of developing the 
requirement considering the two perspectives. Cost can be calculated by staff hours (effort) or 
money spent compared with the revenue. Thus, in any form of cost/value calculation, the result 
must be in a form of normalized scale to map them easily in the strategic quadrants grid. Figure 
4-4 shows that competition grid. There are different assigned matrix values which reflect the 
influence rate of the requirement (F). For example, if we have the requirements characterized 
as low cost with excellent ROI, then no doubt to give it a highest rate in the competition grid 






Figure 4-4: COST vs VALUE grid 
• Importance vs Urgency 
Stakeholders should identify which requirements are most important to the system users. Thus, 
Importance reveals the requirement implementation urgency which both of these two 
properties can be related to each other by definition. A competition guardant-grid will be setup 
as Fig 4-5. 
 
Figure 4-5: Importance vs Urgency 
The highest matrices value will be for the requirement feature that is mapped under the 








releases and the same thing the second rate will be for the item that is less important but highly 
urgent. 
• Complexity vs Feasibility 
Software requirement complexity is one of the most important properties that should be 
examined in different aspects to forecast the implementation feasibilities. The complexity 
measurements involve requirement dependencies, coupling, volatility, effort, time, cost, scale, 
and variations. Therefore, whatever if it is calculated or subjectively evaluated; it must be 
normalized to the scale (0 to 1) in the competing quadrants grid which they are mapped as in 
Figure 4-6 to reflect the influence rate of the evaluated feature. 
 
Figure 4-6: Complexity vs Feasibility 
• Risk vs Penalty 
Determining the level of risk of a requirement implementation is important which involve some 
performance risks, process risks, schedule risks, or introduce induced defects in the 
requirement development. On other hand, evaluating the severity of penalty when the selected 





Therefore, two competing properties can be extracted and evaluated to come up with a clear 
vision about the challenges encountered during the implementation of the requirement. Figure 
4-7 shows: the competition grid with assigned matrix value for these two associative-properties 
 
Figure 4-7: Risk vs Penalty 
• Volatility vs Stakeholders involvement 
 
Requirement volatility is property that is managed from different aspects: business 
requirements change, market changes, and users change. Requirements details become clearer 
during the development or design phases. Thus, the frequent requirements changes will affect 
the project plan and of course will have a negative impact on the costs. The involvement of 
stakeholders at the beginning is a key thing to minimize number of requirement volatility rate 
by negotiation and consolidation of the requirement conflicts. The two competing prosperities 









Figure 4-8: Volatility vs Stakeholders involvement 
• Competence vs Human Resources  
The skill set is a key factor that needs to be explored for the development of a requirement feature. 
These two competed properties will identify the level of expertise of a specific domain. For example, 
a requirement feature is documented as 3D drawing objects for the spare parts with several sizes for 
each car model, thus it requires high level degree of graphics programming. Therefore, as more 
resources with different skill set, more advanced requirement features can be implemented. A 
competition grid for the competence and human resources is shown in Figure 4-9 
  





With an assumption of the competed grid properties that are listed gpn and the class types are 
defined and assigned in each gqi, a requirement element is evaluated in each of the listed gpn 
with an objective of placing the requirement elements in the right class category. We used a 
set of twenty requirement elements represented E1, E2, E3, En and applied the competition-
based method on them as shown in Figure 4-9 below:  
 
Figure 4-10: Competition graph  
 








Every grid property is a form of a competition model that requires each requirement element 
to be evaluated through its content.  
 
Figure 4-12: PageRank-based Matrix  
With the new generated matrix Egp in Figure 4-10 as the evaluation results of each requirement 
elements.  
4.1.2 Grid properties class counting 
Apart of that characterized model, another generated matrix is presented to consider the weight 
factor for each element by counting the frequency number for each class type throughout the 
Egpn matrix. Since the importance of a requirement element weight measured based on its 
classes frequency, we can calculate the weights we assigned to the requirement element of the 
graph in a probabilistic way: getting a proportional value of each requirement element divided 
by the number of elements sharing the same values. This will ensure that weight factor 






Ew : requirement element weight 
Egp: requirement element score  
Nt: number of element sharing the same class type 
 
 
Figure 4-13: Calculated weight factor matrix 
4.1.3 Elements class-based clustering 
In this step, we cluster the requirement elements in every performed grid model. We can 
model the process as a random walk on graphs as below. 
 








4.1.4 Elements Ranking  
The calculated representation of each requirement element weight from the cluster graph Egpn 
gives initially each requirement element a certain position in the list. Then a summation of all 
Egpn gp properties for each element is performed and multiply by the actual of element 
property value. Below is a mathematical representation of the ranking process.  
 
\ 
4.2 Experiment   
Worked with vendor A and selected 20 requirements/bug fixes randomly out of 634 
requirements for one of their commercialized software from development releases plan (with 





.  The dataset of this experiment study has been collected from the software vender with the 
priority list. 
 








We selected releases number to evaluate the consistency of our proposed model prioritized 
features. Since the release assignment is not our aim now, we prioritize the requirement 
according to releases assignments and for the equal releases assignments, we asked the 
software service delivery manger to perform a prioritization based on (Importance, added 
value, cost) for the listed twenty requirements.  
To come up with the typical usage of our proposed model and reduce the single point of 
judgment and assigned a task to three developers to perform a subjective judgment for each 
requirement from different perspectives. 
Step1: In this step, we collected the requirements set and select cost, value, feasibility, -
complexity, and importance as aspects properties. 
- Cost vs value 
- Complexity vs feasibility 
- Importance vs urgency 
Step2: we build the competition grids for the above interrelated properties and we define the 
competition grids scores. Then, we performed the competition runs for all requirements,  





















4.3 Experiment results 
 






4.4 Results analysis 
 


















In this section, we adopted a subjective evaluation method using a comparative analysis. We 
believe it is suitable method where a new proposed model that introduced as solution to address 
common issues related to requirement prioritization practices. There are huge number of 
prioritization methods/release planning models reported in the literature and validated through 
case studies [11]. The common applied evaluation method was designed to test the 
applicability in small size data set , this test is not enough to measure the characteristics of 
those methods/models from the quality point of view as it has been confirmed for a need to 
user a large and real data set [5][11][48l.  
5.2 Comparison criteria 
We conducted the evaluation using a comparative analysis and selected the following 
parameters as comparison criteria. The selection of those criteria was based on two reasons. 
First, identified as the common comparison criteria used in many literature studies and 
highlighted as challenges/issues. Second, some of these criteria were identified during out 







Below are the comparison criteria: 
- Concept: It indicates how a method is applying the processes, following systematic 
and analysis approaches, rules, and recommendations employed by the 
prioritization method. 
- Ease of Use: It indicates a characteristic of how a new user can easily use and apply 
the prioritization method. 
- Size of data (Scalability): It measures the amount of requirement sets 
accommodated by the prioritization method a minimized human effort. 
- Fuzziness: It refers to the uncertainty of human thought associated with the 
implantation of the prioritization method. 
- Multi-criteria: It refers to the multiple factors considered during the prioritization 
method practice. 
- Stakeholders-involvement: It refers to the multiple stakeholders involved with the 
application. 
- Complexity: it measures the number of comparisons required to execute the 
prioritization method. 
5.3 Comparative analysis     
There are several requirements prioritization techniques acknowledged by researchers and 
applied widely in the industry [49]. We selected five RE techniques [2] [3] [4] [16] [28].  
- Bubble Sort Technique introduced by Karlsson [3].  which uses a sorting algorithm 
that works by continually traversing through a list of elements to be sorted, 
comparing each pair of items and swapping them. If they are in the wrong order.  
- Priority Assessment Method was introduced by Kunia [2] to assess the priority of 









uses a matrix to consider the relationship of multiple perspectives of stakeholders 
that utilize the concept of correlation to compute weighted priorities of 
requirements.  
- Analytical Hierarchy Process (AHP) was introduced by Satty [16] to analyze and 
support complex decisions. AHP is a multi-criteria decision-making technique that 
uses a pair wise comparison matrix to compute the relative value of requirements 
with respect to one another. 
- Fuzzy AHP (FAHP) [28]  is a systematic decision-making method which includes 
both qualitative and quantitative technique to remove incompleteness, uncertainty 
and vague data. 
- Requirements Triage [4].uses cluster based automated method expresses various 
concerns of stakeholders to multiple categories of requirements such as feature 
based, non-functional requirements and other cluster requirements. 
The objective of this comparative analysis is to illustrate and evaluate the existing prioritization 





Such as technique used, multi-criteria, multiple stakeholders and complexity analysis etc. as presented in Table 5-1. 
































Relationship matrix Clustering Competition-based properties 
EASE TO USE 
Simple, easy to use 
& implement  







Complex to implement  Simple 
SIZE OF DATA Small Medium Medium Medium Large Large 
FUZZINESS No  No Yes No No No 
MULTI-CRITERIA Not Supported Not Supported  Not Supported  Supported  Supported  Supported  
STAKEHOLDERS-
INVOLVEMENT 
Not Supported Not Supported Not Supported Supported Supported Supported 
COMPLEXITY O (N2)  O (N2) O (N2) O (N3) O (N3) 











The objective of the evaluation is to make a comparison and evaluation of our proposed model 
among other selected RP methods. We will not argue that the results obtained in this evaluation can 
be generalized. Rather, we want to illustrate the prioritization practice to gain better understanding 
about some challenges that have been explored/addressed in some RP methods and have not been 
addressed at all. In addition, selecting a prioritization method must be based on quality objectives 
As we know, that RP practices aim to select the ‘right’ requirements from the set of candidate 
requirements so that all the different key aspects such as technical constraints, business constraints, 
and client preferences of all stakeholders are satisfied. In Table 5-1, it shows how the RP methods 
are performing against each attribute. Each analyzed are quite enough and has it is own cases of 
practice. Looking at the concept attribute and scan the results, it gives an indication about the fitting 
of RP methods under two categories. First category, the concept is about identify which requirement 
element is outperform the other from one or different point of views. Other category is that some RP 
practices uses multi factors to build a matrix to calculate the rank of a requirement. 
In relation to with the issues associated with requirement quality subject to the prioritization practice, 
Table 5-1, the concept them of most of them was the pair-wise comparisons towards serving one 
goal of enforcement. Thus, we don’t see there is a need to follow it in our proposed model since we 
know the requirement characterization process will reveal the importance of each requirement 
elements when it considers different factors.  
Another important criterion is Ease to use which reveals a very important aspect of a method. The 
judgment of this criterion was based on how much efforts are required to prepare the requirement 






Table 5-1 among all the evaluated method, we found the characterization framework is among the 
simple ones. It requires only two more steps that are essential and simple to be adopted for the 
practical use of the framework. 
The size of the data is one important criterion aspects that determine the ability of a method to handle 
a growing number of requirements. The challenge here is as the size of software intensive systems 
continues to increase, which can have produced a bulky set of requirements. The number of 
requirements may range from very. 
Multi-criteria attribute is another important criterion, which defines the aspects or factors that are 
considered during the prioritization practice. In the characterization framework, we considered the 
adaptation of several aspects in building the competition grids. Thus, quantification a requirement 
feature is performed within the adaptation of different competed properties types.  
Additionally, another important criterion that measures the stakeholders’ involvement during the 
decision-making process. The consideration of that with the frequent requirement changing practice 
is critical to capture the all details of requirement feature specification.   
Finally, it was observed that studying the use of the characterization framework method in the 
industry is the key important thing. This will serve as an additional source of validation for the 
framework, and may also reveal other factors that need to be addressed. Furthermore, we might to 


















The aim of this research work was to empirically develop a multi-criteria requirement 
characterization framework to address the inconsistency issue between actual software deliverables 
and the software release plan. The research work was conducted in three different forms of studies 
including interviews with subject matter experts (participants), document analysis for some previous 
software development projects, and observation of an on-going complex software development 
project. The method utilized in this research was the grounded theory (GT) approach to explore and 
investigate aspects of the requirement prioritization practice from three data sources.  
In relation to the GT applied method, some valid research questions were articulated based on the 
aim of the study, to identify and discover the root causes and implications of the inconsistency issue 
and its related concerns. The initial focus of this research study attempted to understand how 
software companies adopt their prioritization practices, build their own requirements selection 
criteria process, identify missing characteristics of the RP practices, understand causes of project 
failures of high frequency requirements updates, and understand to which level of abstraction the 
RP practice can be maintained. The essence of these focus areas was useful in exploring RP practice 
shortcomings for possible improvement or enhancement. This was done via analysis of the collected 






literature reviews, the interviews conducted were limited to one open-ended question to enrich the 
discussion and explore thoughts and clarifications from the participant. With this approach, it was 
possible to trigger other minor questions and seek more reliable answers that provided an opportunity 
to restrict biases when answering inapplicable questions to the participants. 
In this research, we followed established grounded theory workflow processes to systematically 
reach conclusions while maintaining the area of focus and keeping extracted concepts and categories 
retained. GT workflow process began with the data sampling process from data sources, which were 
used as input for the data analysis (coding) process. This analysis process immediately revealed 
several concerns related to the selection of the best RP practice, its applied selection factor(s), and 
its limitations, which introduced other issues for detailed investigation. Iteratively, the process was 
repeated to collect more data about each of the introduced issues, analyze them, and extract the new 
concepts and categories. This was repeated until saturation level after which the discovered RP 
concepts and categories were formally compiled. Findings were mapped from concerns/challenges 
to concepts and their related issues were mapped to categories. Because of applying GT 
methodology, it was possible to identify concepts/concerns for the inconsistency issue and its 
implications in terms of multi-criteria, scalability, practicality, accuracy, interdependency, and ease 
of use as categories for evaluation attributes. In addition, the reasoning behind RP practice selection 
preferences performed by software companies and their business drivers were identified, which 
highlighted the domination of one-dimensional aspects in most RP practices.   
 
Besides these GT-based research findings, a new concept was introduced for requirement 
characterization activity including an empirically developed competition-based framework to 
facilitate the RP practice and address the inconsistency issue during the requirement engineering 









characteristics of the proposed framework were described, based on the highlighted theoretical 
findings and practical adoption aspects applied for release planning purposes. 
Other research objectives were achieved by analyzing the influence of each RP factor and identifying 
interrelated RP factors towards the success of the release planning. Also investigated were the 
relationships between various factors to evaluate the size of contribution to the requirement 
prioritization practice. 
In addition, a simulation experiment was conducted using small real requirements set and applying 
the proposed characterization framework. The data set used in this experiment was for a successful 
system development project that achieved 45% of its consistency degree, between the developed 
requirements (deliverables) and the initial release plan. The results showed an exact match that 
revealed a significant response in stabilizing the consistency attribute and achieving a high degree 
of optimality in considering a multi-criteria decision-making process. We believe this proposed 
framework is promising and can be useful for adoption by software development companies and in-
house software development organizations. 
Moreover, a comparative analysis was conducted to subjectively test the performance of our 
proposed framework from different perspectives, among other requirements prioritization 
techniques acknowledged by researchers and applied widely in the industry.  We selected a set of 
comparison criteria based on commonly used evaluation criteria for requirements prioritization 
techniques in literature studies including (concept, ease of use, and size of data, fuzziness, multi-
criteria, stakeholders-involvement, and complexity). This analysis is not intended to argue the 
generalization of the proposed framework, but to show how the framework performs when it is 






understanding regarding concerns that have been explored and addressed. It also introduced an area 
of improvement related to time complexity. The analysis gives an indication about considering other 
quality attributes that ultimately contribute to the success of any requirements prioritization practice. 
Finally, it becomes clear that the requirement prioritization practice is an essential task during the 
requirement engineering process phase. RP practice must be performed as a major step within the 
requirements analysis workflow. Implementing the prioritization practice based on multi-aspects is 
a crucial factor towards the success of the decision-making process. 
6.1 LIMITATIONS 
The initial analysis of the characterization framework revealed complexity in terms of the number 
of comparisons needed to characterize a set of requirements. It depends on the requirement analysis 
for dependency factor and considers a requirement feature as a low-level abstraction thus; it does 
not handle dependencies between requirements. We also adopted a kind of subjective evaluation 
model that can be debatable. In this case we need to conduct a case study using a large-size data set 
to confirm the proposed framework among other RP method and release planning models. 
The subjective evaluation was not intended to argue the adoption of this framework, but to show 
how the framework performs among other RP techniques criteria. Hence, a case study using a large-
size requirements set is required to evaluate the adoption and practical use of this framework. 
Another point that might be arguable is the level of the framework involvement to solve a conflict 
in prioritizing the requirements when there are many participants in RP practice within a specific 
company. In the proposed framework, we assumed a company/stakeholder should come up with 
only one conflict-free response for the priority list of the requested requirements. It doesn’t go further 









6.2 FUTURE WORK 
This study focuses on proposing a framework for requirement characterization from a general 
perspective. Since we discussed what has been highlighted from GT study as concerns, concepts, or 
core categories, some related categories may have been left out. These categories may have no direct 
effect to the RP practice. However, more analysis is needed and some research work can be defined 
to; 
1. Conduct a case study using a real-world large data set for the practical use of the 
framework purpose and validate the proposed model from the following quality 
attributes point of view; 
▪ Scalability: is a quality attribute that defines the ability of the selection 
method to handle a large set of requirement features that are required to be 
processed using the proposed framework. Most of the proposed techniques 
struggle to satisfy this attribute.  
▪ Error proneness: is a quality attribute that measures the negative impact of 
rule settings in the prioritization technique. This has led to the generation of 
unreliable prioritization results because results do not reflect the true ranking 
of requirements from a stakeholder’s point of view or assessment after the 
ranking process.  
▪ Computational complexity: is a quality attribute that defines how much 
time/effort is required to determine their ease of use and accuracy. 
▪ Rank updates: is a quality attribute that defines the ability of a technique to 
iteratively and automatically update a requirement list’s volatility “anytime” 






▪ Reliability: is a quality attribute that defines exclusively the requirements 
dependencies considerations towards the success of each requirement feature 
implementation. 
▪ Comprehensiveness: is a quality attribute that measures the satisfaction of 


























A. Software Prototype Tool for The Characterization Freamwork 
 
This appendix presents the tool that we developed as a prototype for the characterization   
framework. This tool is presented in three sections according to the number of UIs. 
• First UI window   
This is the user interface for the requirement initiation process of characterization framework 
uploading the requirements set as batch from a file with three input parameters associated with every 
requirement feature.  Requirement types determine (functional, non-functional, business 








• Second UI screen 
It is the UI implementation of the second process in the framework that focuses on selecting the 
properties and defines the competition grids and score classes. 
- User can add another property (factors) and incorporate into the competition grids. 












• Output UI 
This the final process of the framework workflow in which the competition is performed, 
clustering is developed and prioritization process is carried out. 









B. Descriptions and limitations of existing prioritization techniques 




Pair-wise comparison matrix to calculate the relative importance of 
each requirements  





Attributing preference values to requirements computed in a 
decision matrix form and represented in a goal graph 
complex 
3 
Benefit and cost 
prediction 
Based on the value of each requirement to the organization or 
customer  
Not cater for requirements growth  
4 Binary Search Tree 
Ranks requirements them in a hierarchical order (parent-child 
relationship) 
Only for simple requirements ranking  
5 Binary-tree 
Search for requirements in nodes and compare them to determine 
relative 
Complex, scale issue 
6 Binary priority list 
Rank requirements based on their real benefits to the application 
domain 
  
7 Bubble sort 
-  Prepare and arrange requirements in a vector.  
- Execute of the requirements comparisons. 
Not scalable  
8 Case based ranking 
Machine learning based approach to reduce the amount of 
information required from stakeholders 
Not scalable; inability to support 






Prioritize requirements by incorporating inter-perspective 
relationships (correlations) of requirements using relationship 
matrix 
negative correlations issue 
10 Cost-value ranking 
Prioritize requirements based on their perceived value and 
implementation cost 
Time consuming and Not scalable 
11 Cognitive driven 
combines the use of AHP, self-organizing maps requirements 
prioritization (SOM) and Cognitive Psychology methods to build a 
Conceptual Framework  








12 Dot voting 
Uses sticky dots to rank requirements. The higher the numbers of 





rank requirements with a weighting scale 
  
14 EVOLVE 
uses genetic algorithm in a number of iterations to maximize the 
weighted benefit over all the different stakeholders 
Computational complexity and needed 
to be tested in a more complex industrial 
setting 
15 Fuzzy AHP uses triangular fuzzy numbers and weights for ranking requirements 
Not scalable, lack of requirements 
interdependencies  
16   
    
17 Hierarchy AHP 
Requirements are prioritized in hierarchical order based on the 







utilizes a weighting scale to prioritize requirements No experiments  
19 Kano model comparison of customer satisfaction with technical Excellence 
  
20 Lanchester theory 
Business objective and market share. similar to quality functional 
deployment technique 










utilize a weighting scale to rank requirements in a hierarchical form 
judgmental errors due to inconsistencies 
issue  
23 MosCow 
‘‘MUST have’’: Requirements are not negotiable;  
“SHOULD have’’: Features that would be nice to have if at all 
possible 






‘‘WON’T have’’ These requirements are not important, 
24 Multi voting system 
stakeholders vote for requirements in line with their real importance 








Guides stakeholders to make negotiated agreements using multi-
criteria preference analysis techniques. 




utilizes the main objectives behind the development of software  
Only group the requirements, does not 




grouping requirements into different categories, viz. high, medium, 
and low 
No practical   
28 Pair wise analysis 
comparing requirements in pairs until the top  requirements emerge 
at the top of the stack 
complicated and not reliable 
29 Ping Pong Balls 
ping balls represent each requirement are given to stakeholders to 
cast their lot in order of requirements priority  
  
30 Planning game 
Clients categorize requirements into three classes: i.e.; Essential, 
conditional and optional. 
Not scalable 
31 Priority groups 
formation of priority groups, requirements are classified based on 





Matrices to chronologically represent client’s expectations and how 
these expectations are to be met by the developers 
Good small systems, inconsistencies 
issue , not scalable  
33 Ranking 
This technique implores numbers to rank requirements in ascending 
order starting from 1 to n 
Not scalable, suitable for single 
stakeholder  
34 
Rank based on 
product definition 
accounts for three important perspectives on product definition: the 








35 Relative weighting rank requirements using a weighting scale  
  
36 Requirements triage 
Determines requirements priorities by educating stakeholders to 
understand each requirement before ranking commences. 







Aggregating weights using internal evidential reasoning (IER) 
algorithm 





Requirements are displayed on cards and positioned in a haphazard 
manner where stakeholders are requested to reposition the cards 





technique by swing 
(SMARTS) 
weighs requirements based on some defined criteria 








Uses estimations for cost, benefit, development risk, and operational 
risk reduction 










similarity to ideal 
solution (TOPSIS) 










Stakeholders are asked to choose their top-ten requirements from 
the pool of requirements 
Uncertainty is high since weights are not 









Extracts individual utility functions from each stakeholder 





business values and prioritized based on the stakeholder ratings 







use of stakeholder’s, experts and automated fuzzy logic 









A semi-quantitative analytical that uses a simple spreadsheet to 
estimate requirements’ priorities  
Not secure- manipulated by stakeholders 
50 Win-Win Express goals as win conditions inconsistencies 









C. Requirements Selection Factors for release planning models  
 
Table C: Requirements Selection Factors for release planning models 
CVA * * *
IFM * * *
EVOLVE * * *
EVOLVE+ * * * * *
EVOLVE* * * * * *
F-EVOLVE * * * * *
EVOLVE EXT * * *
S-EVOLVE * * * *
NRP * * * *
AHPSRP * * * *
MORP * * * * * *
MONRP * *
BORPES * * *
AEQWW * * * *
AMRSQE * * * *
REPSIM * *
QUPER * *
AMFFRP * * * *
RDMXP-RP * * * * *
PARSEQ * * * * *
MMASDRW * * * *
RPUFEC * * *
QIP * * *
AOTRP * * *
FMDRCP *
CDVBRPA * * *
FOMRP * * *
DIALOGUE 
APPROACH IN RP * *
RPFT * * * *
















































































































































































D. Quality attributes for the prioritization practice 
 















E. Experiment Data Set 
 
A release planning data set for a commercialized geoscience software with 5K+ requirement created in a table format. 
 
 
Requirement ID Requirement description  Analysis  Release plan  Actual release date  Contact  .. … .. 
 
Table E: Experiment Data Set 
 
 
Sketches, drawing, and memos developed while conducting GT study is also is included and image files. 
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